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本研究在全面深入调研的基础上，研制了添加 CuO 的 ZnO－Bi2O3－B2O3





72 wt.%和 18 wt.%）中，采用 ZnSO4·7H2O 为原料，比直接用 ZnO 为原料，玻璃




为 494 ℃、软化温度（Tf）为 520 ℃，在 50 ℃～350 ℃下膨胀系数（）值为
7.99×10-6/ ℃；添加 0.1 wt.% CuO玻璃的 Tg不变、Tf为 527 ℃，在 50 ℃～350 ℃
下值为 8.06×10-6/ ℃。 
四、上述 ZnO－Bi2O3－B2O3 系统玻璃（ZnO 含量保持为 10 wt.%，Bi2O3 和
B2O3含量分别变为 75 wt.%和 15 wt.%）微晶化后，Tf为 520 ℃，在 50 ℃～350 ℃
下值为 8.30×10-6/ ℃。 
ZnO－Bi2O3－B2O3 系统玻璃（ZnO 含量保持为 10 wt.%，Bi2O3 和 B2O3 含量
分别改为为 78.75 wt.%和 11.25 wt.%），微晶化后，Tf 为 510 ℃，在 50 ℃～350 ℃


















Traditionally, glass ceramics containing PbO have been widely used as sealing 
materials in electron device field.  However, as PbO is toxic, many countries have 
implemented relevant measures that ban using sealing glasses containing PbO in life 
electron device field.  Therefore the lead-free sealing glass ceramics will play an 
important role in the future. 
On the basis of overall through the subject research, the ZnO－Bi2O3－B2O3 
glasses with CuO-adding and having more than 65 wt.% of Bi2O3 were developed.  
Having been melted in a clay crucible, the glasses wre quenched by cold water.  The 
glasses were ball milled, manual granulated and then molded by die-press.  The glass 
ceramics were prepared by sintering.  The performance of glass powders and glass 
ceramics were studied by employing XRD, TG-DTA, SEM, FT-IR, laser particle size 
analyzer, DIL(dilatometer) and by shrinkage ratio measurement, respectively.  
Results show that: 
(1) In ZnO－Bi2O3－B2O3 glass system (the content of ZnO, Bi2O3 and B2O3 are 
10 wt.%, 72 wt.% and 18 wt.%, respectively), the melting time at 1000 ℃ for 
glasses using ZnSO4·7H2O as raw materials was 1.5 h, which was shorter than that for 
using ZnO as a raw materials. 
(2) Having been added CuO into the above glass system, the first crystallization 
temperature (Tc1) decreased; the sintering shrinkage is improved, whereas the 
temperature of its fluidity was decreased. 
(3) Without adding CuO into the above glass ceramics system, Tg was 494 ℃, Tf 
was 520 ℃, its thermal expansion coefficient () which was from 50 ℃ to 350 ℃ 
was 7.99 × 10-6/ ℃.  Having been added 0.1 wt.% CuO into the above glass 
ceramics system, Tg kept constant, whereas its Tf was 527 ℃ and its  from 50 ℃ 
to 350 ℃ was 8.06 × 10-6/ ℃. 
(4) In the above ZnO－Bi2O3－B2O3 glass ceramics system (the content of ZnO 















15 wt.%, respectively), Tf was 520 ℃ and its  which was from 50 ℃ to 350 ℃ 
was 8.30 × 10-6/ ℃. 
In the above ZnO－Bi2O3－B2O3 glass ceramics system (the content of ZnO 
remains 10 wt.%, whereas the content of Bi2O3 and B2O3 was changed to 78.75 wt.% 
and 11.25 wt.%, respectively), Tf was 510 ℃ and its  which was from 50 ℃ to 
350 ℃ was 9.00 × 10-6/ ℃. 
Key words: lead-free; ZnO; thermal expansion coefficient; softening temperature; 
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早在 18 世纪，法国化学家 Reamur 就提出了用玻璃制备多晶材料的设想，
并通过实验将玻璃转化成多晶陶瓷；但他没有对制备微晶玻璃所必要的结晶过程





微晶玻璃自 1957 年作为商品问世以来，到现在已有 50 多年的历史。微晶玻
璃的发展历史大概可以分为三个阶段：（1）20 世纪 50 年代末至 70 年代中期，
主要是研究低膨胀系数的微晶玻璃，并获得了透明材料， 为典型的是 Li2O3―
Al2O3―SiO2 系统微晶玻璃；（2）20 世纪 70 年代中期到 80 年代中期，开发了具
有与金属类似的可加工性好、强度高与韧性好的可切削微晶玻璃，如片状氟金云



















































配料、混合 熔制 固化成型 退火 加工 微晶化淬冷
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